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ABSTRACT 
 
 
Probability of Economic Success for Netherlands Dairy Farmers  
 
Moving Operations to the United States. (December 2004) 
 
Anthony Ray Duncan, B.S., California State University, Fresno 
Chair of Advisory Committee:  Dr. James W. Richardson 
 
 
Dairy producers in the Netherlands are struggling to stay in business due to 
increased environmental legislation, population density, intensity of farming systems, 
costs of production and quota restrictions.  One option available to Netherlands dairy 
farmers is to liquidate the value of their assets, put the money into an international bank, 
and buy an established dairy farm in the United States.  The primary objective of this 
research is to compare the economic viability of a Netherlands dairy farmer staying in 
the Netherlands versus moving to the United States, assuming they will bring over all of 
their equity to put towards the purchase of a U.S. farm. 
The hypothesis that a Dutch dairy farmer would have a greater probability of 
economic success by relocating to the U.S was tested using a whole farm simulation 
model (FLIPSIM) to simulate the economic activity of a representative dairy farm in the 
Netherlands and 23 representative U.S. dairy farms in the major dairy producing regions 
over the 2002-2011 planning horizon.  FLIPSIM generated an empirical probability 
distribution for net present value to rank the representative farms using stochastic 
efficiency with respect to a function (SERF) for risk neutral and risk averse decision 
makers. 
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 The FLIPSIM results showed that six of the twenty-three U.S. dairy farms would 
give the Dutch farmer a 99% chance of economic success.  The added risk on income in 
the U.S. would result in these U.S. farms having a 1 to 99% chance of negative ending 
cash reserves (ECR) and a 1 to 99% chance of negative net cash farm income (NCFI).  
In a complete SERF analysis, seventeen of the twenty-three U.S. farms were preferred 
over the Dutch farm.  In conclusion, the research shows Dutch dairy farmers with 
adequate equity would be financially better off by relocating to the U.S. if they desire to 
continue dairying, rather than staying in the Netherlands. 
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CHAPTER I 
 
INTRODUCTION 
 
 Milk is produced in all parts of the world.  During the past forty years, the 
number of dairy cows and dairy operations has decreased, while the average size of dairy 
farms has trended upward.  In the United States, dairy farming is characterized by 
specialized milk-producing commercial operations (Blayney 2002).  Technological 
advances have led to highly efficient dairy farms with increased output per cow.     
The result is an industry in a constant state of change.  Many dairy farmers 
respond to this change by making adjustments to their crop mix, number of cows, level 
of productivity, and geographic location.  Additionally, dairy farmers are forced to 
decide annually whether or not to remain in the industry due to the forces at work in a 
competitive market. 
Milk production in the Netherlands is dominated by farms with greater than 50 
cows.  IFCN (2003) showed most countries in the European Union have seen a 50 
percent decrease in the number of dairy farms every 10 years.  The current rate of 
decline of E.U. dairies is far greater than corresponding rates of decline in the decade 
prior to quota introduction.  The E.U. quota regime has resulted in a more rapid rate of 
decline in dairy farms in the region than elsewhere. 
Increasing dairy herd size in the E.U. has accompanied the decreasing number of 
individual herds.  It can be assumed these trends will continue after 2007, and could 
_____________ 
This thesis follows the style and format of the American Journal of Agricultural 
Economics. 
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accelerate, if a fully-decoupled direct payment policy is adopted by E.U. member states 
(IFCN 2003).Dairy producers in the Netherlands are struggling to stay in business due to 
increased environmental legislation, population density, intensity of farming systems, 
costs of production and quota restrictions (Besten and Hoven 2004).  One option 
available to Netherlands dairy farmers is to sell their operation, put their equity into an 
international bank and buy a dairy farm in the United States.  This study will address the 
issue of geographical location via economic incentives for migration of dairy farmers 
from the Netherlands to the United States. 
Objective 
 The primary objective of this research is to compare the economic viability of a 
representative Netherlands dairy farmer staying in the Netherlands versus moving to the 
United States, assuming they will bring over the same level of equity to put towards the 
purchase of a U.S. farm.  The hypothesis to be tested is that a Dutch dairy farmer will 
have a greater probability of economic success by immigrating to the U.S. than staying 
in the Netherlands.  Economic success is defined as the probability of earning a return 
greater than a five percent discount rate over a ten year planning horizon, i.e. having a 
positive net present value (NPV). 
Present Status of the Question 
 People choose to relocate due to various push-pull factors.  Push factors are the 
problems of an area that encourage people to leave (i.e. poor housing, lack of 
employment, and war and persecution) while pull factors are the attractions of an area 
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that encourage people to come and stay (i.e. better medical care, better chance of higher 
education, and higher wages) (McNeil 2004).   
Due to push factors in the E.U. such as population growth, lack of earning 
potential, and inability for growth, coupled with pull factors in the U.S. such as the 
opportunity for growth and a higher chance of profitability, there is a constant need to 
evaluate the options available to economically strained dairy farmers in the Netherlands.  
Relocation is one possible option available and has become a growing trend for Dutch 
farmers over the past 40 years due to more pull than push factors.  Many of these dairy 
farmers relocate without having full knowledge of farm sizes and geographic locations 
in a country so far away.  Dutch dairy farmers could make more informed decisions if 
they had access to probabilistic-based research results that addressed farm size, farm 
location, and economic viability.   
Procedure 
 An economic viability study of dairy farms in the U.S. versus the Netherlands 
would require comparing the probability of success across locations, which necessitates 
a net present value (NPV) for each dairy farm.  Currently, there is no published history 
of NPV for dairy farms and it is unobservable for future time periods.  One method for 
estimating NPV for a business is through Monte Carlo simulation.  Monte Carlo 
simulation is an analytical process meant to imitate a real-life system.  Without the aid of 
simulation, a simple spreadsheet model would only reveal a single outcome, generally 
the most likely or average outcome (Decisioneering 2004).  Simulation calculates 
multiple outcomes of a model by continually sampling values from probability 
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distributions for the stochastic variables and thus providing a more realistic view of a 
business. 
A whole farm simulation model will be used to simulate a representative Dutch 
dairy and representative U.S. dairy farms in major production regions for the 2002–2011 
planning horizon to estimate the NPV probability distribution for the alternative farms.  
Location of the U.S. farms is variable and each farm is associated with a different level 
of risk.  The risk for farms in the U.S. is based on historical production and price risk for 
each region.  The model will simulate stochastic yields, prices, and production for 100 
iterations (samples) to produce 100 possible NPV’s for each farm.  From these values, 
an empirical probability density function (pdf) for NPV can be estimated for each farm. 
Structure of Remaining Chapters  
 The remainder of the thesis is organized into four chapters.  Reviews of previous 
farm-level economic models, U.S. and E.U. dairy structures, and scenario preference 
methods are presented in Chapter II.  An outline of the procedures and data used to 
complete this study is provided in Chapter III.  Chapter IV contains the results of the 
study.  Conclusions of the research are presented in Chapter V. 
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CHAPTER II 
REVIEW OF LITERATURE 
 
 The review of literature consists of three main areas: farm level simulation, dairy 
relocation, and ranking risky investments.  The Farm Level Simulation section will 
review previous studies incorporating the use of a whole-farm simulation model, as well 
as give a brief description of each study and its conclusions.  The second section, a 
review of literature of dairy relocation will be presented and will consist of examples of 
relocating dairy farms and structural changes in the E.U. and U.S. dairy sectors.  The 
final section, Ranking Risk Investments, will outline methods for ranking multiple 
scenarios and define the method that will be used in the analysis. 
Farm Level Simulation 
 Whole-farm simulation models have been used extensively over the past forty 
years in the areas of financial planning, growth strategies, effects of farm programs, 
technological change, and investment under uncertainty.  These models have 
traditionally been developed as single-use models focusing on one issue, one farm size, 
or one location, unable to be applied to multiple locations or farm types. 
Halter and Dean (1965) developed the first whole-farm simulation model to 
evaluate price-forecasting methods for use by a large California cattle ranch with various 
buyer/seller management decisions.  Based on the their results, it was concluded that 
simulation is a likely tool for risk analysis in the future, particularly if the decision 
maker’s environment is characterized by uncertainty and the data are correlated over 
time. 
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 Simulation for farm firm risk analysis was expanded by Patrick and Eisgruber 
(1968), who created a simulation model that incorporated farm firm behavior in a 
dynamic environment with elements of risk and uncertainty.  Their research concluded 
that a decision-maker’s formulation of expectations regarding the future of a business, 
along with current financial position and economic goals, affects the selection of 
alternative farm plans (i.e., managerial and capital market structures).   
 Hutton and Hinman (1971) developed a farm level simulation model that 
included an added feature, accounting for differences in farm type and geographic 
location.  This added feature allowed analysis of farm economic activity and decision 
making of a broad range of commodity farms located throughout the United States.  
However, their model is no longer available. 
Richardson and Nixon (1986) developed a generalized farm level simulation 
model capable of simulating dairy farms in multiple regions and countries.  FLIPSIM 
uses projected mean prices, policy rules and regulations, producer input and 
macroeconomic data provided by the Food and Agricultural Policy Research Institute 
(FAPRI) to simulate stochastic economic outcomes for a representative farm.  The 
model is recursive in that it simulates using the ending financial position for year one as 
the beginning position for the second year. 
Since its completion, FLIPSIM has been used in more than 10 countries and 25 
universities for hundreds of farm level studies.  The Agricultural and Food Policy Center 
(AFPC) at Texas A&M University has used the model to produce economic outlook 
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reports for agricultural commodities from cotton to rice to dairy cattle, which are 
distributed throughout the country to producers and policy makers alike. 
FLIPSIM has also been used to analyze policy impacts in many Master’s theses 
and Ph.D. dissertations on a wide range of topics (e.g. Yonkers 1989, Zimmel 1994, and 
Houston 2002).  Yonkers used FLIPSIM to analyze the impacts of exogenously-
determined variables on dairy farms.  Zimmel used the model to analyze the effects of 
farm program provisions on lease arrangements under uncertainty.  Houston used the 
model to analyze farm level impacts of the U.S. House and U.S. Senate versions of the 
2002 farm bill proposals on representative rice farms. 
 To simulate a dairy farm, FLIPSIM takes actual producer data from a 
representative farm and runs it through a series of subroutines.  Each subroutine 
performs a different function but is intended to produce output that shows the economic 
viability of a farm under uncertainty.  FLIPSIM was chosen for the present study for its 
ability to stochastically simulate the annual economic activities of dairy farms in the 
U.S. and in the Netherlands. 
Dairy Relocation 
Relocation has become a growing trend for dairy farmers over the past forty 
years.  Once a producer decides to relocate, they are faced with decisions that not only 
affect the dairy, but also the family that owns and operates the dairy and its employees.  
Moving a family and adjusting to a new area and possibly a different climate may be 
difficult for all involved (Monsanto 1999). 
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Four main factors have led to relocation of dairies within the U.S. and around the 
world (i.e., from the European Union (E.U.) to the United States): environmental 
regulations, location of cheap inputs (i.e. land, feed, water), the changing dairy policy in 
Europe, and market access (i.e. location of a dairy to filling milk demand for a new 
cheese plant).  All four factors trade places as to which one is most influential and 
important to decision makers. 
While E.U. dairy farms tend to be very homogenous with little or no movement 
out of traditional milk producing regions, U.S. dairy farms exhibit a wide range of 
variability in terms of number of herd size and costs of production, and have expanded 
to the non-traditional milk producing regions.  Most dairy operations in the U.S. are 
located in the Northeast, Lake States, and Corn Belt regions, generally known as the 
traditional milk producing areas.  In 2000, just over 71% of all U.S. dairy operations 
were located in these three areas and accounted for 48% of total U.S. milk production 
(Blayney 2002).  However, the concentration of dairy farms in the U.S. has not always 
been the same.  
In the 1960’s and early 70’s the U.S. dairy industry was characterized by low 
milk prices and high costs of production.  To aid the distressed farmers, the U.S. 
government implemented an 80% parity support price for milk, which encouraged 
movement of dairies into non-traditional milk producing areas.  Dairy farmers were able 
to sell high valued land in the traditional dairy producing regions and move to the 
Mountain and Southern Plains states, where land was cheap, readily available, and in 
close proximity to a milk market.   
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Between 1975 and 2000, the Southern Plains, Mountain, and Pacific regions 
experienced an increase in the share of the U.S. dairy herd from 18% to 37% and an 
increase in the share total U.S. milk production from 20% to 40% (Blayney 2002).  Only 
the Mountain and Pacific regions have shown relatively consistent large growth in cow 
numbers.  Cow numbers in the Pacific region matched those in the Corn Belt in 1985, 
and then surpassed the Northeast in 1997 (Blayney 2002). 
In November 1998, the top twenty U.S. dairies (based on the number of milk 
producing cows) were ranked by Successful Farming magazine (Looker 1998).  The 
smallest of the farms had 6,500 cows and the largest had 18,500 cows.  The average size 
of a U.S. dairy farm in 2000 was 88 cows (Blayney 2002).  U.S. dairy farms are 
expected to grow, become more concentrated in certain regions, and become more 
specialized in producing milk (Outlaw et al 1996).  The trend toward fewer but larger 
farms is evident throughout the United States. 
A contributing factor to the growth of the U.S. dairy industry has been a number 
of structural changes in recent history.  The number of U.S. dairy operations decreased 
from 160,640 in 1991 to 97,560 in 2001 (USDA 2002), while milk production per cow 
has increased from 150 cwt. per cow to more than 181 cwt. per cow over the same time 
period. 
One example of a structural change in the U.S. dairy industry is the adoption of 
Recombinant Bovine Somatotropin (rbST).  Predicted rbST adoption rates from ex ante 
studies range from 8% to 41% for early adopters, and from 33% to 92% for eventual 
adopters (Lesser et al 1999; Zepeda 1990; Kinnucan et al 1990; Saha et al 1994).  
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Adoption rates increase across all of the farm sizes, ranging from as low as 11% of 
operations with fewer than 50 cows and as high as 65% of operations with 1,000 or more 
cows (McBride, et al 2002).  McBride, et al (2002) found that the use of rbST 
significantly increased milk production per cow, an average of 30 cwt (17%), after 
statistically controlling for other factors that would affect milk production.   
Another example of structural change in the U.S. dairy industry is in its feeding 
systems.  U.S. dairy farms are becoming larger and more concentrated in certain regions, 
and are becoming more specialized in producing milk (Blayney 2002).  As dairies 
become more specialized in milk production, they reduce the amount of crops grown on 
their own farms and therefore purchase more feed from other sources.   
United States vs. Netherlands Dairy Industries 
 The U.S. and Netherlands have seen similar trends over the last 10 to 15 years.  
The total number of milk cows in the U.S. has declined from 9.8 million in 1991 to 9.1 
million in 2001 while the total number of milk cows in the Netherlands declined from 
1.8 million to 1.4 million (Bailey 2002, USDA 2002).  Average total milk production in 
the U.S. increased from 1,477 million cwt. in 1991 to 1,655 million cwt. in 2001, while 
total milk production in the Netherlands increased from 243 million cwt. to 247 million 
cwt. (UDSA 2002). 
 Dairy production is one of the most important production sectors of Dutch 
agriculture.  Since land and labor are expensive in the Netherlands, the production 
systems used in agriculture are highly intensive.  The Dutch dairy sector has seen radical 
changes in focus over the last 40 years.  The period between 1960 and 1980 was known 
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for increased productivity and efficiency, while the period between 1980 and 2000 
focused on environmental quality and supply controls (Horne and Prins 2002). 
 Two major developments in E.U. dairy policy have driven up costs of production 
for farmers and restricted farmers’ ability for growth, which has made it very attractive 
to relocate their operations.  First, the E.U. dairy policy introduced more stringent 
environmental quality regulations in the early 80s aimed at reducing air and water 
pollution.  Dutch dairy farmers had to satisfy the criteria for environmental licenses, 
requiring waste storage and management investments as well as acreage increases 
(Horne and Prins 2002). 
 These environmental regulations require a minimum of approximately 1.24 acres 
of pastureland per dairy cow (Besten and Hoven 2004), which costs about $13,900 per 
acre to purchase.  If a Dutch dairy is operating at full capacity (i.e. the land requirement 
is met) and wishes to expand production by purchasing more cows, the dairy has to 
purchase or rent more land.  This will result in an additional expense of $17,236 for land 
per cow purchased. 
 Second, the E.U. introduced a milk production quota system in 1983.  A 
production quota was put in place in response to the surplus production of the 1960s and 
1970s.  Milk production quotas altered the landscape of Netherlands dairy farming, 
changing the focus from expanding production to reducing costs of production (Horne 
and Prins 2002).  Production quotas also affect the adoption of new technologies.  Costs 
of production increase with a quota system in place, which changes the focus of dairy 
farmers to increased efficiency (e.g. less cows needed to fill the quota) (Ondersteijn 
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2004).  Between the increased costs from of environmental regulations and production 
quotas, many dairy farmers left the business altogether. 
 According to Besten and Hoven (2004), quota is held as an asset.  The marginal 
cost per unit to purchase additional quota is $1.05 per pound.  The representative Dutch 
dairy used for this analysis holds 2.2 million pounds of milk quota worth approximately 
$2.3 million.  This asset is required for the right to produce and sell milk in the European 
Union.  Rate of return on investment (ROI) is calculated as net returns divided by the 
sum of assets minus debt.  As the milk quota value increases, so too does the asset value, 
which drives down ROI.  The increased price of land, the minimum land per cow 
requirement, and the introduction of the quota system have limited the growth of the 
Dutch dairy industry. 
Ranking Risky Investments 
In a stochastic analysis, risky alternatives are ranked based on the trade-off 
between income and risk.  To facilitate the ranking process, the number of variables used 
to summarize the economic performance of a business is generally reduced to one, 
namely net present value (NPV).  NPV is used because it represents the sum of the 
present value of annual change in real net worth plus the sum of the present value of 
owner withdrawals over the planning horizon.   
NPV probability distributions for alternative farms can be compared and ranked 
using a variety of procedures.  In the past, stochastic dominance with respect to a 
function (SDRF) has been used for several simulation studies to rank risky scenarios for 
different levels of risk aversion, e.g. Kramer and Pope 1981, Lemieux et. al 1982.  
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Stochastic dominance is a pairwise comparison of distributions for risky alternatives that 
identifies the efficient set for risk averse decision makers (Hardaker et. al. 1997, 
Richardson 2004).  The risky alternatives in the efficient set are ranked higher or are 
more preferred to those not in the efficient set. 
One advantage of using stochastic dominance is that it uses the entire probability 
distribution as opposed to only the mean or the variance when ranking scenarios.  
Another advantage is that it ranks risky scenarios based on a decision maker’s utility 
function for income and risk.  The level of risk aversion for decision makers is specified 
by a risk aversion coefficient (RAC).  Positive RAC values denote risk averse decision 
makers while negative RAC values denote risk loving decision makers (Hardaker et al 
1997).  The primary problem with generalized stochastic dominance is that it can result 
in inconsistent efficient sets for the lower and upper RAC values (Hardaker et al 1997).  
For example, if the cumulative distributions of NPV for two scenarios (A and B) cross 
then the rankings at the Lower RAC may differ from the rankings at the Upper RAC if a 
breakeven RAC lies between the Lower and Upper RACs (McCarl 1988). 
 Stochastic efficiency with respect to a function (SERF) is an alternative 
procedure for ranking risky scenarios.  The SERF method includes all the advantages of 
SDRF, yet is more transparent and easier to implement.  SERF can identify a smaller 
number of alternatives in the efficient set over a given range of risk aversion and is 
potentially more discriminating than the pairwise SDRF technique (Hardaker, et al 
2004b).  Additionally, it is capable of identifying RAC levels where decision makers’ 
preferences will change from one alternative to another.  SERF will be used in this 
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research to rank the alternative dairy farms using the NPV distributions estimated by 
simulating the Dutch farm and alternative representative farms in the United States. 
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CHAPTER III 
 
METHODOLOGY  
 
This chapter describes the simulation model selected for this study, data 
collection methods, a description of the alternative dairy farms, and stochastic efficiency 
with respect to a function (SERF) analysis. 
Simulation Model  
 Each of the representative dairy farms used for this research were simulated 
using the whole farm simulation model, FLIPSIM (Farm Level Income and Policy 
Simulator).  FLIPSIM is a FORTRAN based computer simulation model that was 
designed to analyze the possible consequences of alternative farm policies and tax 
developments on typical or representative farms for a one- to ten-year time period 
(Richardson and Nixon 1986).  The model has been expanded to simulate economic 
activities for livestock and dairy farms throughout North America and Europe with 
alterative farm programs, risk management strategies, technological advances, and 
income tax provisions.   
 FLIPSIM is broken down into individual parts (subroutines) that work together to 
simulate a whole farm.  Depending on the makeup of the farm, the different subroutines 
are either used or ignored.  FLIPSIM begins by reading input data for a representative 
farm.  Next, the model generates multivariate empirical (MVE) distributions for the 
stochastic or uncertain variables, which for a dairy farm are crop production (yield), milk 
production per cow, milk price, purchase- and cull-cow price, and feed price.  Random 
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numbers are then drawn from the MVE distributions and used to simulate 100 possible 
values for the stochastic variables each year.   
 Due to yields and prices being stochastic each year, costs of production and total 
receipts are stochastic each year.  For example, if a dairy grows a crop that it can either 
feed or sell and experiences a drought, crop yields will decrease leaving less total 
production to sell in the marketplace or to feed on the dairy.  If less production is 
available for sale, total receipts to the farm will decrease.  If less production is available 
to be fed, more feed will need to be purchased, causing costs of production to rise.  At 
the end of each stochastic run, FLIPSIM calculates and stores ending financial positions 
for the farm each year, then generates summary information in a complete set of 
financial statements. 
 The deterministic FLIPSIM output file for the Dutch farm may be found in 
Appendix B.  Calculations important to the dairy are milk receipts, total value of the 
dairy herd, purchased feed expenses, and total dairy receipts.  Milk receipts are 
calculated as the product of stochastic quantity of milk sold and the stochastic price of 
milk.  The total value of the dairy herd is calculated as the sum of values of cows, calves, 
12-24 month old heifers, 24+ month old heifers, and bulls, which are calculated as the 
product of their current weight multiplied by the stochastic prices.  Total purchased feed 
cost is the sum of the quantity of each feed purchased multiplied by their respective 
stochastic prices.  Total dairy receipts are the sum of milk sales and sales of livestock.   
 FLIPSIM is equipped with general accounting and tax equations capable of 
calculating beginning and ending financial positions, depreciation on farm equipment 
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and buildings, and appreciation of farm land for each year of the planning horizon.  
Additionally, FLIPSIM includes all relevant federal and state income tax requirements 
and is regularly updated to account for the most current tax code provisions and dairy 
policy.  For the end of each year, the model computes a full set of financial statements 
for the farm.  Once all ten years have been simulated, FLIPSIM generates a summary of 
the financial statements, tax structures, and livestock sectors.  The ten year summary of 
financial statements represents one iteration. 
FLIPSIM was chosen for its ability to stochastically simulate the annual 
economic activities of a representative dairy farm, incorporating risk over the 10 year 
planning horizon of the farm, and for its ability to simulate dairy farms across the United 
States.  For this study, the model was run stochastically for 100 iterations to produce 
empirical distributions of key output variables. 
Data Collection  
 The data collected for the U.S. dairies used in this study consists of two types: 
panel farm data and national level macroeconomic projections.  The Agricultural and 
Food Policy Center (AFPC) at Texas A&M University collected the panel farm data for 
each of the representative U.S. farms used in this study.  The Food and Agricultural 
Policy Research Institute (FAPRI) provided the August 2004 Baseline macroeconomic 
projections for the U.S. dairy industry over the 2002-2011 planning horizon.  A 
summary of prices and inflation rates for the U.S. dairy farms may be found in Tables 
3.1 and 3.2, respectively. 
 The reason for beginning with a 2002 start date is two-fold.  First, the most 
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recent update of the representative U.S. dairy farms was conducted in 2002.  Second, 
historical data provided by Besten and Hoven (2004) on the representative Dutch farm 
was for 2002.  To account for the early start date, the model ran the first two years 
deterministically (with no risk), then incorporated risk over the remainder of the 
planning horizon by running stochastically. 
Historical information and E.U. dairy policy assumptions and projections for the 
Dutch farm were gathered from the Netherlands Department of Agriculture, Nature, and 
Food Safety, the Agricultural Economics Institute, the International Farm Comparison 
Network (IFCN), and research from Wageningen University in the Netherlands.  All 
values were originally reported in Euros per kilogram and have been converted to dollars 
per pound, per hundred weight (cwt.), or per ton, depending on the value being 
converted.  An exchange rate of 1 Euro / $1.20 U.S. was used for this study, based on the 
average exchange rate for July to December of 2003. 
U.S. Dairy Farms  
 Twenty-three representative U.S. dairy farms were used for this study.  The data 
used to create these representative farms were collected using a consensus-building 
process among dairy producers from major production regions across the country.  The 
managers who participated in each panel were chosen by an extension specialist from the 
primary production areas for each of the 10 states (California, Florida, Idaho, Missouri, 
New Mexico, New York, Texas, Vermont, Washington, and Wisconsin).  The managers 
normally have a history of participation in land grant university programs, employ 
excellent management practices, and are respected members of their local farm 
    
 
21
community.  Producers are chosen based on the average size and production for 
moderate- and large-size farms in the region (Outlaw, et al 2004). 
 Once formed, the panel meets to collect actual historical producer data in a 
consensus-building format to accurately describe a farm representative of their group 
and the region.  Information on typical number of cows, production per cow and 
expected production per cow, price of milk and expected price of milk, acres of land 
owned and leased, variable and overhead costs of production, and typical farm 
machinery are obtained from the producers.   
Once the data is agreed upon, it is entered into FLIPSIM.  Once the preliminary 
results are checked for accuracy, FLIPSIM generates income statements, balance sheets, 
and cash flow statements for the representative farm.  The panel members review the 
financial statements to ensure that the data were entered and interpreted correctly.  If it is 
necessary to change any of the data, the FLIPSIM entries are corrected and the farm is 
simulated again.  This process continues until the producer panel is satisfied with the 
simulated reproduction of their representative farm.  The panel of farmers is interviewed 
every two to three years to obtain data necessary to describe and simulate a farm 
representative of the panel members.  The farms are updated to address changes in farm 
size, production practices, or cost structure (Outlaw, et al 2004). 
 The 23 representative U.S. farms to be compared are as follows: CA1710, 
FLN500, FLS1500, ID1000, ID3000, MO85, MO400, NM2125, NYC110, NYC500, 
NYW800, NYW1200, TXC500, TXC1300, TXE550, TXE1000, TXN2400, VT134, 
VT350, WA250, WA850, WI135, and WI700.  The naming convention for the farms is: 
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the state abbreviation is the first two letters followed by a number indicating the number 
of cows on the dairy.  When it is necessary to differentiate geographic location within a 
state, the third letter reflects compass direction or central location.  For example, WA250 
represents a 250-cow dairy in Washington and TXE550 represents a 550-cow dairy in 
eastern Texas.  See Figure 3.1 for an approximate location of the representative dairy 
farms. 
Dutch Dairy Farm 
Besten and Hoven (2004) described three representative Netherlands dairies from 
the major dairy producing regions in the Netherlands.  The largest of the three farms was 
selected for analysis in this research.  
The representative Dutch dairy farm is a 122-cow, large sized dairy located in the 
northern grassland area of Noordelijk, Holland (Besten and Hoven 2004).  The farm 
represents a significant number of the farms and a large portion of production in this area 
of the Netherlands.  Number of cows was the most important variable considered by 
Besten and Hoven when describing the “typical" Dutch dairy.  For the present study, 
milk production per cow was held constant for all historical and expected production due 
to the E.U. quota system.  The representative Dutch dairy generates more than 75% of its 
gross receipts from selling milk. 
 The 122-cow representative Dutch dairy has milk production per cow of 181.02 
cwt. and total production per year of 22,084 cwt.  In 2002 the milk price in the 
Netherlands was $19.80 per cwt., generating receipts from milk sales of more than 
$478,000.  Milk quota is held as an asset and the marginal cost per unit of quota is $1.05
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per pound bought and $0.095 per pound rented.  The marginal cost to rent quota is 
assumed to remain constant over the planning horizon (Ondersteijn 2004).  The 
representative Dutch dairy has 22,084 cwt. of milk quota, which is worth $2.3 million 
(roughly $18,885 per cow).  The farm initially purchases a level of quota consistent with 
the total farm’s milk production.  Due to the cost outlay for quota, any level of 
production less than the quota is perceived as a loss of revenue to the farm.  The quota 
system is a legislatively implemented supply control to keep milk prices high.  The E.U. 
quota system outlines hefty fines to farms that produce over their quota limit.  Therefore, 
it is assumed that the representative Dutch dairy will produce at its quota level over the 
planning horizon.  
The farm owns 78 acres of land worth $1.08 million ($13,895 per acre) and rents 
48 acres of land for $9,859 per year ($205.40 per acre per year).  Grass silage is the only 
crop grown on the 126 acre farm.  Total costs of forage production is $32,076 (unit cost 
of $22.79 per ton).  There is an additional 2.47 acres of land where the farmstead and 
farm buildings are located.  The farmstead and farm buildings are valued at $672,000.  
 While the farm may only grow one crop (grass silage), it feeds four others: corn 
silage, hay, concentrate A, and concentrate P.  The farm produces 1,408 tons of grass 
silage per year and feeds 1,734 tons per year.  This means the dairy has to purchase 326 
tons of grass silage per year at a price of $39.14 per ton (total cost, $12,753).  The dairy 
also purchases 851 tons of corn silage at a price of $38.05 per ton (total cost, $32,382), 
118 tons of hay at a price of $90.24 per ton (total cost, $10,614), 92 tons of concentrate 
A at a price of $148.95 per ton (total cost, $13,694), and 108 tons of concentrate P at a 
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price of $180.48 per ton (total cost, $19,461) per year.  The prices listed are the weighted 
average feed prices for 2002, the first year of the planning horizon. 
 Concentrate A and P are basic low-fiber, high energy premix rations consisting 
of a mixture of cereal grains, protein sources, and by-product feeds derived from cereal 
grains.  Concentrate A is the standard concentrate containing 940 VEM (Feed Units for 
Milk), which is equivalent to 6.9 MJ of net energy for lactation (NEL).  Concentrate A 
also has 9 pounds of DVE (Intestine Digestible Protein) per cwt. of dry matter.  
Concentrate P is a protein rich concentrate which also contains 6.9 MJ NEL, but has 
39.7 pounds of DVE per cwt. of dry matter.  Due to the higher level of protein content, 
concentrate P is more expensive per unit than concentrate A. 
The farm holds a machinery complement valued at $214,173.  The dairy 
produces and raises its own replacement heifers to hold the herd size constant at 122 
cows.  The dairy herd is valued at $216,204, or $1,772 per cow.   
Assumptions/Projections for Dutch Farm  
IFNC (2003) reports the Netherlands dairies currently receive a direct payment 
(DP) from the federal government of $0.011 per pound of quota.  This number is 
expected to increase to $0.019 per pound of quota as early as 2006.  Projected prices and 
inflation rates for feed, livestock, and milk for the Dutch farm were provided by Besten 
and Hoven (2004).  A summary of prices and inflation rates for the Dutch farm may be 
found in Tables 3.3 and 3.4, respectively.  The projections may also be found in greater 
detail in Appendix B. 
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The market value of all assets on the representative Dutch farm in 2002 was 
$4.53 million (Table 3.5).  If the Dutch farmer were to liquidate the representative farm 
and move to the U.S., they could invest about $1.95 million in a U.S. farm.  The 
difference in asset value and investable funds is due to the farm paying debts, the effect 
of low auction prices for machinery and buildings, and having to pay a tax on the 
proceeds for the sale of quota. 
Machinery sold at auction was assumed to bring only 60% of its value on the 
farm’s balance sheet.  Similarly, the sale value of buildings and other fixed assets lose 
26% of their value in a sale.  The E.U. requires that producers pay a tax equal to 42% of 
the value of quota sold, so the net proceeds of quota sold is only 58% of its market value 
(Ondersteijn 2004).  An assumed amount of $50,000 is used to cover travel, site 
inspection, and relocation costs.  For this research, it is assumed the producer applies the 
total $1.95 million to the purchase of a U.S. dairy and finances the balance (Table 3.6).  
Table 3.6 shows the market value of assets for the U.S. dairies on January 1, 2002.  In 
addition, the table shows the debt level and cash reserves the relocating Dutch farmer 
would have when they apply the full $1.95 million. 
SERF Analysis 
Stochastic efficiency with respect to a function (SERF) is a risk analysis 
procedure that orders a set of risky alternatives in terms of certainty equivalents for a 
specified range of risk aversion.  SERF is used to determine which empirical probability 
distribution (scenario) for NPV will be preferred by the decision maker (Hardaker et al 
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Table 3.5. Calculations for Market Value (MV) and Liquidation Value (LV) for the 
Dutch Farm (Source: Besten and Hoven 2004)
Market value % of MV for LV Liquidation Value
Assets
LAND 1,084,512$       100% 1,084,512$            
MILK QUOTA 2,304,000$       58% 1,345,536$            
OTHER LAND & ASSETS 120,000$          74% 88,800$                 
FARM BUILDINGS 672,000$          74% 497,280$               
LIVESTOCK 161,920$          100% 161,920$               
MACHINERY 192,120$         60% 114,504$               
Total Assets 4,534,552$       3,292,552$            
Liabilities
LOAN 1,290,000$      100% 1,290,000$            
Total Liabilities 1,290,000$       1,290,000$            
Owner Equity 3,244,552$       2,002,552$            
Relocation Adjustment* 50,000$                 
Total Available Equity for Reinvestment 1,952,552$            
* Reflects transportation and relocation costs  
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Table 3.6. Assets and Debts of U.S. Farms
Farm* Assets** Debt*** Cash Reserves****
CA1710 6,968,313               5,015,761            -                              
FLN500 1,492,683               -                          459,869                  
FLS1500 3,935,384               1,982,832            -                              
ID1000 2,928,717               976,165               -                              
ID3000 10,637,128             8,684,576            -                              
MO85 732,912                  -                          1,219,640               
MO400 1,780,339               -                          172,213                  
NM2125 4,681,886               2,729,334            -                              
NYC110 423,918                  -                          1,528,634               
NYC500 2,157,271               204,719               -                              
NYW1200 5,354,343               3,401,791            -                              
NYW800 3,474,563               1,522,011            -                              
TXC500 1,311,234               -                          641,318                  
TXC1300 3,185,323               1,232,771            -                              
TXE550 675,893                  -                          1,276,659               
TXE1000 1,629,191               -                          323,361                  
TXN2400 3,283,224               1,330,672            -                              
VT134 577,433                  -                          1,375,119               
VT350 2,307,129               354,577               -                              
WA250 1,353,038               -                          599,514                  
WA850 3,117,893               1,165,341            -                              
WI135 1,830,453               -                          122,099                  
WI700 2,706,453               753,901               -                              
* See Appendix A for definitions of representative farms
** Assets are presented as market value on January 1, 2002
*** Debt is presented as Assets - $1.95 million (Value of Dutch Farm after move)
**** Cash Reserves are presented as (-1*Debt) if Debt<0  
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2004b).  For this study, SERF used the cumulative distribution for NPV for ending 
nominal net worth from FLIPSIM to rank alternative U.S. and Dutch dairy farms for the 
risk neutral and risk averse decision maker.  The SERF analysis required specifying 
lower and upper RAC levels and selecting a utility function.  A negative exponential 
utility function was assumed.  Hardaker et al (2004a) outlined the process of calculating 
the appropriate RAC values.  A lower RAC of zero was assumed to reflect a decision 
maker who is risk neutral.  The upper RAC value was set at 4 / NW, where NW is the 
nominal net worth of each at the end of the planning horizon.  From this calculation, an 
upper RAC value of 0.000002 was selected.   
Summary  
The chapter began with a justification for the use of a whole farm simulation 
model with a general description of the model used for analysis in this research.  A 
representative Dutch dairy and 23 representative U.S. dairy farms were simulated with 
FLIPSIM using the FAPRI Baseline for the 2002-2011 planning horizon.  The data for 
the U.S. dairies were collected by the Agricultural and Food Policy Center (AFPC) at 
Texas A&M University using a consensus-building process.   
Data for the Dutch farm were reported by Besten and Hoven (2004) who 
gathered information from various government and university research from the E.U. 
and the Netherlands.  The next section of the chapter described the location and creation 
of the representative farms.  Next, the characteristics of the representative Dutch dairy 
were terms of size, location, production per cow, land ownership, milk prices, feed costs, 
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and machinery complements.  Finally, the chapter described the risk analysis procedure, 
SERF, used to rank the alternative farms. 
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CHAPTER IV 
 
RESULTS  
 
 The results chapter is divided into three sections.  The first section summarizes 
the results obtained from FLIPSIM.  The second section discusses the results of the 
SERF analysis.  The final section summarizes the findings of the study. 
FLIPSIM Results  
 Analysis of economic viability was conducted for the 24 representative dairy 
farms with FLIPSIM.  Each of the farms was simulated over the 2002-2011 planning 
horizon, and the results are presented in tables and figures in this section.  Linear trend 
forecasts of annual average prices, yields, and milk per cow are used as the means for 
simulating these variables for the Dutch farm.  Results of simulating the 24 dairy farms 
over the 2002-2011 planning horizon are summarized in Table 4.1.  The key output 
variables (KOVs) from the simulation model are: 
• Net cash farm income (NCFI) is total cash receipts minus total cash expenses and 
does not include depreciation. 
• Probability of negative NCFI is found by analyzing the range of simulated values 
of NCFI in each year and calculating the number of times the value is less than 
zero. 
• Ending cash reserves (ECR) is total cash balance at the end of each year. 
• Probability of negative ECR is found by analyzing the range of simulated values 
of ECR in each year and calculating the number of times the value is less than 
zero.
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Table 4.1. Economic Viability of Representative U.S. Dairy Farms if Purchased in 2002 with a Common Cash Outlay
of $1.95 million (See Appendix A for Definitions of Representative Farms)
CA1710 FLN500 FLS1500 ID1000 ID3000 MO85 MO400 NM2125
Overall Financial Position
2005-2011 Ranking Good Good Good Good Good Good Good Good
Prob. Economic Success
Over 2002-2011 (%) 99.00 99.00 9.00 95.00 99.00 1.00 80.00 99.00
Net Present Value (NPV) ($1,000)
2002-2011 3522.86 1545.22 -2246.99 1343.64 9146.25 -1113.49 192.77 7061.59
Std. Dev. 1343.90 421.71 1506.17 745.40 2205.16 46.26 223.50 1317.58
Coef. Var. (%) 38.15 27.29 -67.03 55.48 24.11 -4.15 115.94 18.66
Net Cash Farm Income ($1,000)
2002 -16.40 512.35 -235.59 94.69 254.32 73.90 237.65 702.84
2003 99.88 359.54 -416.99 90.22 333.10 79.89 242.47 589.44
2004 47.35 269.47 -505.37 110.94 550.01 65.94 228.68 697.18
2005 289.23 450.81 -328.93 196.35 882.43 77.11 263.33 1155.98
2006 430.02 488.75 -299.48 271.54 1194.62 69.64 281.47 1330.78
2007 490.62 495.52 -306.05 303.95 1348.16 69.64 286.74 1417.52
2008 507.04 496.37 -379.71 322.09 1429.80 69.60 291.61 1470.88
2009 524.19 496.12 -453.79 330.85 1468.81 68.14 298.77 1508.64
2010 530.22 503.65 -535.17 328.72 1521.09 67.95 301.95 1552.81
2011 587.30 527.45 -594.11 354.16 1642.17 70.41 309.03 1594.06
Prob. of NCFI < 0 (%)
2002 99.00 1.00 99.00 1.00 1.00 1.00 1.00 1.00
2003 1.00 1.00 99.00 1.00 1.00 1.00 1.00 1.00
2004 59.00 10.00 81.00 45.00 39.00 1.00 2.00 20.00
2005 38.00 2.00 76.00 33.00 25.00 1.00 3.00 1.00
2006 20.00 1.00 72.00 29.00 16.00 1.00 1.00 2.00
2007 21.00 2.00 70.00 27.00 14.00 1.00 2.00 1.00
2008 28.00 2.00 76.00 24.00 18.00 1.00 2.00 2.00
2009 26.00 3.00 80.00 28.00 15.00 3.00 4.00 3.00
2010 17.00 3.00 85.00 27.00 11.00 2.00 3.00 3.00
2011 18.00 2.00 82.00 25.00 11.00 2.00 2.00 1.00
Ending Cash Reserves ($1,000)
2002 -335.22 709.71 -335.26 22.03 -268.89 1268.32 301.52 324.21
2003 -434.63 867.62 -831.63 47.06 -324.76 1310.29 417.02 510.77
2004 -663.58 980.52 -1423.34 27.21 -371.90 1341.58 521.97 733.30
2005 -690.61 1218.75 -1845.72 92.68 -180.71 1384.29 647.12 1230.59
2006 -633.40 1464.78 -2267.58 205.65 176.14 1426.52 771.85 1817.07
2007 -563.04 1710.22 -2702.70 307.81 558.67 1470.61 902.60 2439.75
2008 -473.90 1963.53 -3211.46 418.32 976.91 1527.33 1026.87 3097.46
2009 -407.68 2233.76 -3798.82 516.95 1348.22 1584.51 1157.74 3781.31
2010 -321.67 2528.08 -4476.34 602.23 1758.95 1654.51 1300.15 4515.75
2011 -245.45 2841.58 -5214.93 716.34 2217.90 1720.05 1441.58 5313.75
Prob. of ECR < 0 (%)
2002 99.00 1.00 99.00 1.00 99.00 1.00 1.00 1.00
2003 99.00 1.00 99.00 1.00 99.00 1.00 1.00 1.00
2004 94.00 20.00 99.00 50.00 59.00 28.00 13.00 29.00
2005 85.00 5.00 99.00 52.00 62.00 19.00 7.00 15.00
2006 87.00 6.00 99.00 45.00 53.00 33.00 15.00 11.00
2007 78.00 7.00 99.00 43.00 47.00 42.00 10.00 12.00
2008 77.00 6.00 99.00 50.00 47.00 43.00 16.00 11.00
2009 68.00 11.00 99.00 43.00 43.00 72.00 20.00 13.00
2010 77.00 11.00 99.00 51.00 48.00 73.00 20.00 12.00
2011 69.00 7.00 99.00 48.00 45.00 88.00 25.00 12.00
Real Net Worth ($1,000)
2011 7318.87 5465.31 528.88 5238.78 13332.26 2678.58 3937.31 11424.62
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Table 4.1. Continued
NYC110 NYC500 NYW800 NYW1200 TXC500 TXC1300 TXE550 TXE1000
Overall Financial Position
2005-2011 Ranking Good Good Good Good Good Good Good Good
Prob. Economic Success
Over 2002-2011 (%) 1.00 99.00 21.00 42.00 1.00 99.00 2.00 99.00
Net Present Value (NPV) ($1,000)
2002-2011 -611.13 781.84 -753.11 -85.89 -1219.82 1874.42 -655.99 3477.11
Std. Dev. 58.650431 281.65971 826.16026 1103.6823 386.96981 906.87905 275.01765 679.09948
Coef. Var. (%) -9.60 36.03 -109.70 -1285.00 -31.72 48.38 -41.92 19.53
Net Cash Farm Income ($1,000)
2002 189.47 284.52 21.77 32.17 -22.94 212.65 162.29 440.61
2003 173.96 255.67 -3.10 58.32 -36.94 241.38 190.30 515.27
2004 170.64 255.35 -36.80 -19.64 -39.69 240.73 188.52 479.77
2005 188.71 323.57 19.73 56.91 28.30 395.12 230.23 548.46
2006 176.52 353.32 68.57 138.38 42.71 484.39 242.73 611.85
2007 180.01 371.73 78.68 161.52 48.21 520.33 255.95 645.94
2008 183.18 379.48 78.18 154.85 44.38 538.75 266.76 678.18
2009 185.07 381.83 59.27 114.00 34.87 528.71 268.18 690.76
2010 188.35 387.85 35.11 84.79 30.01 530.87 271.70 705.00
2011 190.73 403.40 45.71 97.19 30.94 551.19 281.07 723.19
Prob. of NCFI < 0 (%)
2002 1.00 1.00 1.00 1.00 99.00 1.00 1.00 1.00
2003 1.00 1.00 99.00 1.00 99.00 1.00 1.00 1.00
2004 1.00 1.00 58.00 60.00 64.00 32.00 17.00 15.00
2005 1.00 1.00 53.00 50.00 47.00 18.00 7.00 5.00
2006 1.00 1.00 46.00 41.00 33.00 11.00 6.00 4.00
2007 1.00 1.00 40.00 36.00 37.00 14.00 7.00 3.00
2008 1.00 1.00 42.00 37.00 40.00 11.00 7.00 4.00
2009 1.00 1.00 52.00 48.00 42.00 17.00 8.00 4.00
2010 1.00 1.00 46.00 45.00 42.00 15.00 7.00 5.00
2011 1.00 1.00 51.00 52.00 50.00 14.00 5.00 2.00
Ending Cash Reserves ($1,000)
2002 1621.14 136.11 -90.67 -130.22 578.53 14.77 1369.28 567.91
2003 1693.99 249.10 -185.56 -269.31 513.68 116.71 1468.53 896.49
2004 1759.82 362.06 -324.15 -527.48 443.33 168.51 1543.85 1143.72
2005 1849.84 511.26 -469.01 -754.95 429.69 337.72 1658.54 1461.56
2006 1929.27 652.36 -578.93 -931.71 421.77 525.30 1776.93 1803.31
2007 2012.60 786.86 -707.80 -1132.38 425.27 723.70 1901.84 2163.43
2008 2110.31 936.73 -834.88 -1303.39 415.98 928.47 2036.32 2549.92
2009 2216.66 1079.79 -993.75 -1528.17 386.08 1109.73 2181.27 2959.30
2010 2343.68 1234.54 -1144.68 -1761.93 351.70 1310.19 2338.85 3406.96
2011 2473.96 1369.09 -1300.28 -2037.87 317.26 1533.76 2508.40 3864.72
Prob. of ECR < 0 (%)
2002 1.00 1.00 99.00 99.00 99.00 1.00 1.00 1.00
2003 1.00 1.00 99.00 99.00 99.00 1.00 1.00 1.00
2004 1.00 12.00 88.00 89.00 69.00 38.00 27.00 22.00
2005 1.00 4.00 90.00 92.00 59.00 35.00 18.00 10.00
2006 1.00 5.00 90.00 92.00 56.00 33.00 17.00 8.00
2007 1.00 6.00 90.00 91.00 52.00 29.00 21.00 11.00
2008 1.00 7.00 91.00 95.00 55.00 28.00 21.00 12.00
2009 7.00 14.00 85.00 87.00 63.00 31.00 26.00 14.00
2010 10.00 12.00 96.00 98.00 63.00 35.00 35.00 11.00
2011 11.00 17.00 88.00 92.00 65.00 32.00 32.00 13.00
Real Net Worth ($1,000)
2011 3164.53 4529.17 2691.35 3479.87 2270.56 5515.56 3886.13 7438.37
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Table 4.1. Continued
TXN2400 VT134 VT350 WA250 WA850 WI135 WI700 D122
Overall Financial Position
2005-2011 Ranking Good Good Good Good Good Good Good Good
Prob. Economic Success
Over 2002-2011 (%) 99.00 1.00 1.00 1.00 9.00 1.00 98.00 1.00
Net Present Value (NPV) ($1,000)
2002-2011 8463.35 -868.32 -766.42 -629.71 -2072.87 -867.75 1077.19 -805.14
Std. Dev. 1507.4828 78.455738 286.28461 218.93325 1328.056 90.784532 538.73884 60.928772
Coef. Var. (%) 17.81 -9.04 -37.35 -34.77 -64.07 -10.46 50.01 -7.57
Net Cash Farm Income ($1,000)
2002 604.73 103.63 51.28 128.11 -134.33 100.29 153.51 197.04
2003 696.56 116.68 22.21 95.83 -218.32 109.55 241.99 159.50
2004 712.74 109.03 21.92 90.47 -260.46 113.82 245.55 168.99
2005 962.10 135.77 68.35 141.59 -141.08 126.60 300.53 155.95
2006 1169.54 125.18 72.69 141.78 -112.75 117.51 345.87 158.25
2007 1235.17 127.94 81.11 150.21 -113.67 122.23 369.70 153.06
2008 1282.23 131.70 84.62 154.53 -131.89 127.03 396.26 153.66
2009 1287.99 133.27 83.62 159.61 -174.23 127.12 402.66 157.40
2010 1302.38 131.98 81.35 163.27 -222.39 116.64 411.23 158.76
2011 1348.66 136.43 86.19 173.43 -232.62 115.60 435.95 160.65
Prob. of NCFI < 0 (%)
2002 1.00 1.00 1.00 1.00 99.00 1.00 1.00 1.00
2003 1.00 1.00 1.00 1.00 99.00 1.00 1.00 1.00
2004 18.00 1.00 46.00 31.00 69.00 1.00 31.00 1.00
2005 8.00 1.00 27.00 11.00 67.00 1.00 17.00 1.00
2006 5.00 1.00 26.00 9.00 66.00 1.00 15.00 1.00
2007 3.00 1.00 24.00 8.00 61.00 1.00 14.00 1.00
2008 4.00 1.00 24.00 10.00 60.00 1.00 14.00 1.00
2009 5.00 1.00 27.00 16.00 68.00 1.00 16.00 1.00
2010 5.00 1.00 28.00 8.00 70.00 1.00 11.00 1.00
2011 4.00 1.00 31.00 8.00 67.00 3.00 10.00 1.00
Ending Cash Reserves ($1,000)
2002 333.73 1423.72 -20.91 632.62 -278.17 183.73 43.80 104.63
2003 743.20 1477.48 -37.07 664.85 -574.76 234.67 164.37 170.90
2004 1108.10 1523.63 -54.56 680.17 -920.56 284.93 231.51 233.90
2005 1654.22 1590.50 -51.84 739.78 -1167.54 334.43 345.86 284.74
2006 2311.70 1643.04 -50.66 791.23 -1422.98 374.47 468.89 334.97
2007 2979.20 1699.63 -49.85 853.37 -1687.90 415.35 593.30 374.39
2008 3684.68 1758.26 -52.75 909.74 -1956.19 461.68 747.37 411.46
2009 4404.90 1829.12 -64.30 977.01 -2310.28 509.69 881.34 457.44
2010 5192.27 1913.62 -66.04 1054.70 -2709.45 535.29 1031.60 492.28
2011 6034.17 1993.50 -83.92 1140.11 -3092.01 552.28 1194.41 527.49
Prob of ECR < 0 (%)
2002 1.00 1.00 99.00 1.00 99.00 1.00 1.00 1.00
2003 1.00 1.00 99.00 1.00 99.00 1.00 1.00 1.00
2004 28.00 6.00 69.00 44.00 99.00 11.00 41.00 1.00
2005 14.00 1.00 72.00 23.00 97.00 5.00 34.00 1.00
2006 7.00 9.00 69.00 29.00 97.00 21.00 32.00 1.00
2007 11.00 10.00 68.00 26.00 95.00 17.00 32.00 2.00
2008 9.00 20.00 69.00 33.00 98.00 17.00 31.00 1.00
2009 17.00 29.00 69.00 34.00 93.00 24.00 34.00 1.00
2010 12.00 31.00 79.00 35.00 97.00 49.00 38.00 3.00
2011 13.00 47.00 77.00 38.00 94.00 54.00 38.00 1.00
Real Net Worth ($1,000)
2011 12650.75 2904.07 2939.07 2989.48 967.06 2900.55 4758.08 5676.78
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• Net Present Value (NPV) is the sum of the present value of owner withdrawals 
plus the sum of the annual changes in real net worth over the planning horizon. 
Average NPV for the Dutch farm is -$805 thousand over the planning horizon 
and the farm has a one percent probability of a positive NPV or economic success (Table 
4.1).  The Dutch farm also has a one percent probability of a negative cash farm income 
in each year of the planning horizon and only a three percent probability of negative 
ECR over the same period. 
 The low probabilities of negative NCFI and ECR and the low probability of 
refinancing deficits are due to the relatively low amount of risk in the Netherlands 
relative to the U.S. with respect to milk price and production per cow.  The Netherlands 
has almost zero variability in milk price with a difference of less than $1.50 per cwt. of 
milk in any given year.  However, the U.S. experiences variability in milk prices across 
different milk producing regions and has variability of greater than $3.00 per cwt. of 
milk within each region in any given year.  Figure 4.1 shows the distribution of milk 
prices in year ten of the planning horizon for the Dutch farm and two representative U.S. 
dairies located in different production regions. (FLN500 and ID3000). 
 The Dutch farm also has negligible variability in terms of production per cow 
due to milk production quotas.  With severe penalties for production greater than the 
quota level and a loss in income to the farm for production less than the quota level, the 
farm produces at quota 80% of the time and produces within seven pounds per cow per 
year under quota the rest of the time.  The U.S. farms are characterized by wide variable 
production per cow each year.  Figure 4.2 shows the range of milk production per cow 
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Figure 4.1. Probability Density Functions (PDFs) of Milk Price ($/cwt) for the
                   Dutch Dairy and Two Representative U.S. Dairy Farms in 2011
 
      Note: See Appendix A for Definitions of Representative Farms 
 
 
 
Figure 4.2. Cumulative Distribution Function (CDFs) of Milk/Cow/Year (cwt)
                   for the Dutch Farm and Two Representative U.S. Dairy Farms in 
2011
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      Note: See Appendix A for Definitions of Representative Farms 
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and the probability of producing a certain amount of milk in year 10 of the planning 
horizon in the Netherlands and on two U.S. dairies (FLN500 and FLS1500).  
NPV on real net worth is negative due largely to the amount of assets held in the 
form of quota by the Dutch farm.  Quota value makes up 51% of assets and is held 
constant over the planning horizon, so wealth invested in quota does not benefit the farm 
with increases in real net worth.  Quota value will go to zero in 2014 if the proposed 
legislation for the Common Agricultural Program in the E.U. passes (Ondersteijn 2004).  
The result is a return to the farm of less than 5% per year, which is less than the discount 
rate. 
 The U.S. farms with the highest average NPVs are the ID3000 ($9.1 million) and 
TXN2400 ($8.5 million) (Table 4.1).  These two farms have significantly more risk than 
the Dutch farm as evidenced by the coefficient of variation (CV) on NPV.  The Idaho 
farm has a CV on NPV of 24.11% and the Texas farm has a CV of 17.81%, while the 
Dutch farm has a CV of -7.57%.  The higher CV on NPV for the U.S. farms is due to 
much greater risk on milk price, feed prices, and milk production per cow. 
 The probability of negative annual NCFI ranges from 1% to 39% on the ID3000 
farm (Table 4.1).  On the TXN2400 dairy farm the probability of negative annual NCFI 
ranges from 1% to 18%.  NYC110, NYC500, VTD134, and D122 dairies have a one 
percent probability of negative annual NCFI over the full period and the probability of 
negative NCFI on the MO85, MO400, and WI135 dairies is less than 4% over the same 
time. 
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 If a farm has adequate ECR, a negative NCFI may not require refinancing assets 
(e.g. VT134).  When cash reserves plus NCFI are not adequate to cover cash outflows 
for principal payments, owner withdrawals, income taxes, and machinery replacement, 
the farm will experience negative ECRs and must refinance to remain in business (e.g. 
VT350).  On the Dutch farm, the probability of negative annual ECR never reaches 
higher than 3%. 
 Six of the representative U.S. dairies are characterized by a high probability of 
economic success and a low probability of negative ECR (FLN500, MO400, NM2125, 
NYC500, TXE1000, and TXN2400).  Each of the six farms has a 99% chance of 
economic success (e.g. NPV>0) and less than a 29% probability of negative ECR in any 
year of the planning horizon.   
 The probability of negative ECR is quite low (<11%) on the NYC110 farm over 
the planning horizon.  On the FLN500 farm the probability of negative ECR ranges from 
1% to 20% over the period.  In contrast the FLS1500 farm has a 99% chance of negative 
ECR over the period.  A similar cash flow problem is observed for the probability of 
negative ECR on the NYW1200 dairy where the probability reaches a high of 99% and a 
low of 87% in 2009. 
SERF Results   
 The NPV empirical probability distributions for the 24 dairy farms generated 
from the stochastic analyses were ranked using SERF.  The chart in Figure 4.3 displays 
the results of the SERF rankings of the Dutch farm and the U.S. dairies with a 
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probability of economic success greater than 80%.  All risk neutral and risk averse 
decision makers (RAC < 0.000002) would prefer the ID3000 dairy.  The second and 
third choice over the same RAC range would be the TXN2400 dairy and NM2125 dairy, 
respectively.  Of particular interest is that the Dutch dairy is ranked second to last for all 
levels of risk aversion among the farms.  Not only is it ranked low, but it is in the 
negative range of certainty equivalents.   
 If the alternative dairies are ranked based on mean NPVs, the top four farms are 
ranked as: ID3000, TXN2400, NM2125, and TXE1000.  On the other hand, ranking the 
farms based on minimum standard deviation for NPV results in MO85, NYC110, D122, 
and VT134 as the top four farms.  Basing the rankings on the lowest probability of 
negative ECR results in the D122 farm being first followed by the NYC110 farm. 
Ranking the farms based on probability of economic success results in nine dairies being 
tied with a 99% probability. 
Summary   
 
 Two methods of preference ranking were used for this study: average NPV and 
probabilities of key output variables, and stochastic efficiency with respect to a function 
(SERF) analysis of NPV probability distributions.  With the first method, inconsistent 
preferences across variables made it difficult to determine overall preference.  While the 
Dutch farm had a low probability (1%) of negative NCFI and only as high as a 3% 
chance of negative ECR, it is projected to have an NPV of -$1.75 million and a 1% 
probability of economic success over the planning horizon.  If rank were based on low 
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probabilities of negative NCFI and ECR, the Dutch farm might be preferred over 
alternatives.  However, if rank is based on mean NPV, the results will likely differ. 
 The SERF analysis of the NPV distribution across all dairies allowed for a clear 
preference ranking for risk neutral and risk averse farmers.  The SERF results show 11 
of the representative U.S. dairy farms were preferred to the Dutch dairy over the given 
range of risk aversion (Figure 4.3).  In a complete SERF analysis with all 23 U.S. 
dairies, 17 were preferred to the Dutch farm over the same level of risk aversion.  The 
six that were less preferred were FLS1500, MO85, TXC500, VT134, WA850 and 
WI135.  These six dairies were less preferred due to a combination of costs in the form 
of environmental compliance regulation, variable costs per cow higher in the U.S. than 
in the Netherlands, and greater variability in terms of production per cow and price of 
milk.  For example, the south Florida dairy is less preferred because it faces input costs 
of production almost twice that of the Dutch farm and high environmental compliance 
regulations.  WA850 is less preferred because it too faces variable costs of production 
per cow almost twice that of the Dutch farm and receives a much lower price for its milk 
(about 60%). 
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CHAPTER V 
 
SUMMARY AND CONCLUSION  
 
Problem Statement  
 Dairy producers in the Netherlands have been struggling to stay in business due 
to increased environmental legislation, population density, intensity of farming systems, 
costs of production and quota restrictions.  Due to the changing nature of dairy policy in 
the E.U., there is a constant need to evaluate the options available to economically 
strained dairy farmers.  Relocation is one possible option available and has become a 
growing trend for Dutch farmers over the past 40 years.  This study explored the 
probability of economic success of relocating Dutch dairy farmers to the United States. 
Objective  
 
The objective was to analyze the economic viability of a 122-cow dairy farm 
continuing to operate in the Netherlands versus immigrating to the U.S and applying the 
same level of equity towards the purchase of a dairy farm.  Twenty-three different dairy 
operations in the U.S. were analyzed in a stochastic simulation framework assuming the 
Dutch farm invested $1.95 million in each farm and financed the balance as long-term 
debt.  The results of the stochastic simulations were used to estimate empirical 
probability distributions for NPV to calculate the probabilities that annual NCFI and 
ECR are positive and to rank the NPV probability distributions for risk averse decision 
makers. 
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Procedure  
A whole farm simulation model, FLIPSIM, was used to simulate a representative 
Dutch dairy and 23 representative U.S. dairy farms in major production regions for the 
2002–2011 planning horizon to estimate the NPV probability distribution for the 
alternative farms.  The model simulated stochastic yields, prices, and production for 100 
iterations (samples) to produce 100 possible NPV’s.  From these values, an empirical 
probability density function (pdf) for NPV was estimated for each farm. 
The FLIPSIM results for the cumulative distribution of NPV for nominal net 
worth were compared using stochastic efficiency with respect to a function (SERF) to 
determine preference rankings for risk neutral and risk averse decision makers with a 
given range of risk aversion.  A lower RAC value of zero was assumed to reflect a 
decision maker who is risk neutral.  The upper RAC value (0.000002) was set at 
4/Average NW, where NW is the nominal net worth of each farm at the end of the 
planning horizon. 
Results  
Results of the analysis show that the Dutch farm has an average NPV of -$805 
thousand over the 2002–2011 period, while 11 of the 23 U.S. farms had positive average 
NPVs.  The Dutch farm has a 1% probability of economic success (as defined by having 
a positive NPV) but only a 1% chance of having negative NCFI and ECR.  This result 
can be explained by the low level or risk in the Netherlands in terms of milk prices and 
production, as well as the amount of assets held by the farm as quota.  Forty-one percent 
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of the Dutch farm’s asset value is held as quota, which does not inflate over time, while 
land values inflate at 10% per year (Besten and Hoven 2004, Ondersteijn 2004). 
Purchasing one of the following six U.S. dairy farms, FLN500, MO400, 
NM2125, NYC500, TXE1000, and TXN2400 would give the Dutch farmer a 99% 
chance of economic success.  The added risk on income in the U.S. would result in these 
U.S. farms having a 1 to 99% chance of negative ECR and a 1 to 99% chance of 
negative NCFI. 
The 11 representative U.S. dairies with greater than a 80% probability of 
economic success were compared to the Dutch farm using SERF.  The SERF analysis of 
the 12 dairy farms indicates that for all decision makers with RAC levels over the range 
of 0 to 0.000002, the ID3000 dairy is preferred, followed by TXN2400 and NM2125, 
respectively.  Ten of the eleven U.S. dairy farms are ranked higher by risk neutral and 
risk averse decision makers than the Dutch farm.  The SERF results also show that of the 
23 U.S. farms a Dutch farmer could purchase, only six were less preferred over the risk 
neutral to risk averse RAC range.   
Conclusion 
In a complete SERF analysis, seventeen of the twenty-three U.S. farms were 
preferred to the Dutch farm for the risk neutral and risk averse decision maker.  The 
SERF results show the four most preferred farms were ID3000, TXN2400, NM2125, 
and CA1710 dairy for all decision makers with RAC values between 0 and 0.000002.  In 
conclusion, Dutch dairy farmers who have adequate equity would be much better off 
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financially to immigrate to the U.S. if they want to continue dairying, rather than staying 
in the Netherlands.  
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APPENDIX A 
 
• CA1710:  A 1,710-cow, large-sized central California (Tulare County) 
dairy.  The farm plants 525 acres of hay/silage for which it employs custom 
harvesting.  Milk sales generated 91 percent of 2003 total receipts for the 
farm. 
• FLN500:  A 500-cow, moderate-sized north Florida (Lafayette County) 
dairy.  The diary grows 130 acres of hay each year.  All other feed 
requirements are purchased in a pre-mixed ration.  Milk sales accounted for 
93 percent of the farm receipts in 2003. 
• FLS1500:  A 1,500-cow, large-sized south central Florida (Okeechobee 
County) dairy.  FLSD1500 plants 500 acres of hay annually.  Milk sales 
represented 95 percent of 2003 total receipts. 
• ID1000:  A 1,000-cow, moderate-sized Idaho (Twin Falls County) dairy.  
This farm plants no crops.  All replacements are custom raised off the farm, 
while ownership is retained.  Milk sales accounted for 89 percent of 
IDD1000’s gross receipts for 2003. 
• ID3000:  A 3,000-cow, large-sized Idaho (Twin Falls County) dairy.  This 
farm plants 500 acres for silage, 500 acres for wheat, and 1,000 acres of 
alfalfa hay annually.  During 2003, milk sales accounted for 92 percent of 
this farm’s gross receipts. 
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• MO85:  An 85-cow, moderate-sized southwest Missouri (Christian County) 
diary.  The farm plants 200 acres of hay and 30 acres of silage.  Milk 
accounted for 79 percent of 2003 gross farm receipts. 
• MO400:  A 400-cow, large-sized southwest Missouri (Christian County) 
dairy.  The farm plants 315 acres of hay, 135 acres of silage, and 150 acres 
of improved pasture annually.  Milk accounted for 91 percent of gross farm 
receipts in 2003. 
• NM2125:  A 2,125 cow, large-sized southern New Mexico (Dona Ana and 
Chaves Counties) dairy.  This farm purchases all commodities necessary for 
blending its own total mixed ration and plants no crops.  Milk sales 
accounted for 92 percent of 2003 total receipts. 
• NYC110:  A 110-cow, moderate-sized central New York (Cayuga County) 
dairy.  The farm plants 80 acres for hay, 64 acres for corn, and 131 acres for 
silage annually.  Milk accounted for 85 percent of gross receipts on this 
dairy for 2003. 
• NYC500:  A 500-cow, large-sized central New York (Cayuga County) 
dairy.  This farm plants 714 acres of hay and haylage and 386 acres of 
silage.  Milk sales made up 92 percent of the total receipts for this dairy in 
2003. 
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• NYW800:  An 800-cow, moderate-sized western New York (Wyoming 
County) dairy.  This farm plants 690 acres of silage and 750 acres of 
haylage annually.  Milk sales accounted for 92 percent of the gross receipts 
in 2003 for this farm. 
• NYW1200:  A 1,200-cow, large-sized western New York (Wyoming 
County) dairy.  This farm plants 2,160 acres for silage annually.  Milk sales 
accounted for 92 percent of the 2003 gross receipts for this farm. 
• TXC500:  A 500-cow, moderate-sized central Texas (Erath County) dairy.  
TXC500 plants 500 acres of hay each year.  Milk sales represented 90 
percent of this farm’s gross receipts in 2003. 
• TXC1300:  A 1,300-cow, large-sized central Texas (Erath County) dairy.  
TXC1300 plants 215 acres of silage annually.  Milk sales accounted for 92 
percent of 2003 gross receipts. 
• TXE550:  A 550-cow, moderate-sized northeast Texas (Hopkins County) 
dairy.  This farm has 300 acres of improved pasture and 50 acres of hay.  
Milk sales represented 88 percent of annual receipts in 2003. 
• TXE1000:  A 1,000-cow, large-sized northeast Texas (Hopkins County) 
dairy.  This farm plants 875 acres of hay/silage.  This farm generated 88 
percent of receipts from milk sales in 2003. 
• TXN2400:  A 2,400-cow, large-sized diary located in the South Plains of 
Texas (Bailey County).  This farm plants 180 acres for silage annually.  
Milk sales accounted for 89 percent of 2003 gross receipts. 
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• VT134:  A 134-cow, moderate-sized Vermont (Washington County) dairy.  
VT134 plants 30 acres of hay, and 190 acres of silage annually.  Milk 
accounted for 85 percent of the 2003 gross receipts for this farm. 
• VT350:  A 350-cow, large-sized Vermont (Washington County) dairy.  This 
farm plants 40 acres of hay and 660 acres of silage annually.  Milk sales 
represented 89 percent of VT350’s gross receipts in 2003. 
• WA250:  A 250-cow, moderate-sized northern Washington (Whatcom 
County) dairy.  This farm plants 200 acres of silage and generated 91 
percent of its gross receipts from milk sales in 2003. 
• WA850:  An 850-cow, large-sized northern Washington (Whatcom County) 
dairy.  This farm plants 605 acres for silage annually.  92 percent of this 
farm’s gross receipts came from milk in 2003. 
• WI135:  A 135-cow, moderate-sized eastern Wisconsin (Winnebago 
County) dairy.  The farm plants 297 acres of hay, 184 acres of corn, and 99 
acres of soybeans.  Milk constituted 84 percent of this farm’s 2003 receipts. 
• WI700:  A 700-cow, large-sized eastern Wisconsin (Winnebago County) 
dairy.  The farm plants 696 acres of hay and 454 acres of silage each year.  
Milk sales comprised 92 percent of the farm’s receipts in 2003. 
• D122: A 122-cow, large sized Dutch (Noordelijk, Holland) dairy.  The farm 
plants 126 acres for grass silage annually.  Milk sales represented 75 percent 
of its gross receipts in 2003. 
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VITA 
 Anthony Ray Duncan was born in Fremont, California on January 16, 1981.  He 
grew up in Pleasanton, California where his family operated a small registered Angus 
cattle ranch.  He graduated from Foothill High School in May 1999.   
In the fall of 1999, Anthony entered California State University, Fresno.  While 
at CSU Fresno, his many organizational involvements included the Sigma Chi 
Fraternity, the AgBusiness Club, and the Young Farmers and Ranchers Program of the 
California Farm Bureau Federation.  Anthony was the first non-business major to be 
accepted into the Craig School of Business Honors Program and the first student to be 
accepted twice into the Kenneth L. Maddy Institute of Public Affairs, where he served 
internships for California State Senators Jim Costa and Charles Poochigian.  He 
graduated Summa Cum Laude with his B.S. in Agricultural Business in May 2003.   
Upon completion of his B.S., he went to work for the Agricultural and Food 
Policy Center (AFPC) at Texas A&M University in College Station, Texas as a graduate 
student in agricultural economics.  During the course of his studies as a master’s student, 
he was able to present materials the American Agricultural Economics Association 2004 
Annual Meeting in Denver, CO.  He also served as an Agricultural and Natural 
Resources Policy Intern in Washington, D.C. for Congressman Ciro D. Rodriguez.  He 
graduated in December 2004 with a M.S. in Agricultural Economics. 
All future inquiries may be directed through the Agricultural and Food Policy 
Center at the Department of Agricultural Economics, Texas A&M University, College 
Station, TX, 77843-2124. 
